SUMMARY The accuracy of a system for reconstructing a three dimensional image of the left ventricle from randomly recorded multiple short axis images was The system comprises a real time phased array sector scanner, a transducer locating system, and a computer system for digitising outlines of the left ventricle, displaying the reconstruction images, and calculating the left ventricular volume. The transducer locating system was developed to record the cross sectional echocardiogram and determine the spatial coordinates ( Fig. 1 and 2 
Measurement of left ventricular volume is important in the quantitative assessment of left ventricular function. Although there have been some attempts at measuring left ventricular volume by cross sectional echocardiography,'" three dimensional reconstruction of the left ventricular images could provide a more accurate spatial image of the heart, thus providing a more accurate assessment of left ventricular volume; a few attempts have been reported recently.127 Short axis cross sectional echocardiographic imaging of the left ventricle is easy to perform non-invasively and shows an extensive sectional image of the left ventricle around its entire circumference at multiple sectional levels. If the spatial positions of multiple short axis images from the base to the apex are known, three dimensional coordinates of any portion of the left ventricle can be determined.
The accuracy of a system to reconstruct a three dimensional image of the left ventricle from randomly recorded multiple short axis images was tested by comparing calculated left ventricular volume with directly measured left ventricular volume in 11 excised porcine hearts.
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1) INSTRUMENTS
The system comprises a real time phased array sector scanner, a transducer locating system, and a computer system for digitising outlines of the left ventricle, displaying the reconstruction images, and calculating the left ventricular volume. The transducer locating system was developed to record the cross sectional echocardiogram and determine the spatial coordinates ( Fig. 1 and 2 recording. Two dimensional coordinates of the short axis images (Xp,Yp) were determined as follows. A line which bisected the sector at the origin of the beam was named the Y axis, the point where the probe was connected to the arm system was named Op, and a line which perpendicularly intersected the Y axis at the point Op was named the X axis. The length was corrected using the scale markers, and the two dimensional coordinates (Xp,Yp) of the images were determined. The next step was to determine three dimensional coordinates. The point where the arm was connected to the main part of the recording system was named point 0. A horizontal line perpendicular to the arm was named the Z axis, another horizontal line the X axis, and a vertical line the Y axis. With this system two dimensional coordinates (Xp,Yp) were converted into three dimensional coordinates (X, Y, Z) by the formulas shown in Fig. 3 . (5) EXPERIMENT Eleven porcine hearts were excised, and the base of the left ventricle of each heart was identified by removing the atria, valve leaflets, aorta, pulmonary artery, and right ventricle (Fig. 4) . Each heart was placed in a water bath filled with isotonic saline of 37°C. About 10 short axis cross sectional echocardiograms were recorded from the base to the apex at intervals of about 1 cm. Figure 5 shows one of those images. The outlines of these recorded images were traced, digitised, and stored in the computer. The volume of the left ventricle was then measured directly from the mass of water that it displaced.
Direct measurement of left ventricular volume and calculation of left ventricular volume from the three dimensional reconstructed image was performed three times for each heart, and mean values were taken. The results were tested by analysis of variance. 
Results
Reconstructed images of the left ventricles closely resembled excised porcine hearts (Fig. 4 and 6 ). 
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Calculated volume (ml) way analysis of variance showed that there were no significant differences between measured values by both methods (F= 1.39) .
The reproducibility of the direct measurements and calculations was assessed by calculating for each heart the difference between the maximum and minimum measurements divided by the mean of the three measurements. The mean and standard deviation of these values were 0-035+0*008 (range 0.032-0.047) for direct measurements and 0*066+0*028 (range 0.031-0-19) for calculations.
Discussion
This system is non-invasive, the reconstructed image is similar to the real image, and the calculated volume was accurate in vitro.
There are some possible sources of error with this method. The first one is the reliability of the registration system, including the accuracy and variability of tilt and rotation of the arm. A preliminary test showed that these were satisfactory. The second possible error originates from recording the basal portion of the left ventricle and apex. The base of the left ventricle was deformed and a complicated shape, and it was sometimes difficult to obtain a complete image. The volume of this portion, however, was at most 10 ml. The method of Geiser et al. 15 16 used an apical or parasternal long axis view to determine the apex, but it is often difficult to determine the position of the true apex from an apical or parastemal long axis view. In our system the apex was determined from multiple short axis images of the apical portion recorded by angulating and changing the position of the transducer. It is still difficult, however, to record the entire image of the anatomical fibrous apex of the heart. The third anticipated source of error is introduced by the resolution of a phased array sector scanner and difficulty in defining the endocardial and epicardial border of the short axis image.
Despite p<O-OO1; n=l1.) able in this three dimensional reconstructiqn system. Secondly, the arm system has only four degrees of freedom, which is not sufficient to record clear short axis images of the whole left ventricle in adult patients. Thirdly, the reconstruction system is not connected directly to the computer. Development of an interface to transfer information directly to the computer system would be desirable for clinical use.
All of these problems should be solved for a clinical application of this system, which will be possible by systems which have already been developed. 
